Inflammation is a central contributor to the pathogenesis of cystic fibrosis (CF) pulmonary disease; so limiting the excessive production of inflammatory mediators represents a major therapeutic strategy for slowing the decline in lung function and improving survival. The macrolide antibiotic azithromycin (AZM) has anti-inflammatory properties and immunomodulatory effects that may be beneficial in CF. The aim of this study was to document the long term use of AZM effect on pulmonary function, nutritional status and number of pulmonary exacerbations in patients with CF.
Cystic fibrosis (CF) is an autosomal recessive disease caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene that encodes for a protein that regulates liquid volume on epithelial surfaces by means of chloride secretion and the inhibition of sodium absorption 1, 2 . CFTR dysfunction can directly affect airway immunity by increasing the production of proinflammatory mediators and impairing the immun response to pathogens 2, 3 .
Airway inflammation is a central contributor to the pathogenesis of CF pulmonary disease, it may precede bacterial infection and play an independent role in favouring airway dysfunction and damage 3 . Lung disease is the most important problem for majority of patients and has the greatest impact on their quality of life and survival; so limiting the excessive production of inflammatory mediators represents a major therapeutic strategy for slowing the decline in lung function and improving survival 2 . The use of antimicrobial treatment considered to control bacterial infections can reduce the degree of inflammation and therefore the progression to permanent lung damage; so long term treatment with azithromycin (AZM) is included in the current guidelines for CF patients aged ≥ 6 years 4 .
AZM has microbiological, immunomodulatory and anti-inflammatory properties that can reduce progressive lung damage associated with CF. Although it is not active against Pseudomonas aeruginosa, it can be efficiently used in P. aeruginosa infections because sub-inhibitory concentrations can reduce their pathogenic role by interfering with some bacterial activities and increasing their susceptibility to antibiotics 5 . AZM is effective during its first year of administration, but the impact of longer treatment is debated. Also the use of AZM include the possible emergence of antibiotic resistance in the other bacterial pathogens that usually colonise CF patients and the incidence of adverse effects 2 .
Since the first studies of AZM and CF about 15 years ago, a number of clinical trials have investigated the effect of chronic AZM administration on the evaluation of the disease 6 . The first aim of this study was to determine if long term AZM administration improved lung function, nutritional status and decreased pulmonary exacerbations in CF patients chronically infected with P. aeruginosa. Our second aim was to investigate the AZM effect on the incidence of colonization with S. aureus and changes in the occurrence in macrolide resistance of this microorganism.
Material and Methods

Study design and patients
Twenty four patients with CF aged between 4-23 years followed at Hacettepe University Department of Pediatric Pulmonology between May 2007 and December 2014 were retrospectively recruited the study from 630 CF patients. Ethical approval was received from the Hacettepe University local institutional review board. Inclusion criteria were as follows: a documented diagnosis of CF based on characteristic symptoms and signs, plus a positive sweat test, or two defined CF gene mutations, chronic infection with P. aeruginosa and forced expiratory volume in 1 second (FEV1) >30% of the predicted value. Chronic infection is defined as more than 50% of cultures being P. aeruginosa positive in the preceding year according to Leeds crtiteria 7 . Criteria were as follows: nontuberculosis mycobacteria (NTM) within 2 years of screening, history of biliary cirrhosis or portal hypertension or liver function results of 2 or more times the upper limit of normal and known allergy or intolerance to macrolides.
After patients had provided written informed consent, their medical histories were reviewed and patients received 10 mg/kg/day of AZM three times a week. Medical history, oximetry, body mass index (BMI), pulmonary function parameters, sputum/throat cultures, number of total pulmonary exacerbations and number of pulmonary exacerbations that required intravenous antibiotics and hospitalization were analyzed initially and at the visits of months 6, 9 and 12. Patients were also divided into two groups based on the CFTR mutation classes. Pulmonary function testing was performed in accordance with American Thoracic Society standards 9 . The FEV1 measurements were expressed in liters and referenced to a healthy population as a percentage of predicted value.
A standard microbiologic evaluation of sputum and throat cultures for potential pathogens was performed at each clinical visit. Cultures were analyzed for presence of P. aeruginosa and resistance against ciprofloxacin, polymyxin, aminoglycoside and β-lactam antibiotics. At the same time cultures were examined for presence of S. aureus and the macrolide (erythromycin and azithromycin and/or clarithromycin) resistance pattern. Acid fast bacillus smear and culture for NTM were performed on sputum specimens yearly.
For monitoring adverse events, reported symptoms, clinical findings and laboratory investigations including complete blood count, liver function and creatinine were recorded.
Statistical analysis
Data was analyzed using SPSS 20.0. Continuous variables were presented as a mean ± standard deviation (SD) for normal distribution or median (min-max) for non-normal distribution. Table I .
Median duration of AZM use was 14 months (range 6-60 months). None of the patients suffered from side effects of AZM. At the end of the 6th, 9th and 12th months of AZM therapy; no significant differences in FEV1% (p=0.29) and oxygen saturation parameters (p=0.70) were found compared to the initial time. The median relative change in FEV1% predicted was found 7% at the 12th month of AZM treatment with nonsignificant improvement. However BMI increased significantly (p=0.03) at the end of the 6th and 12th months of the AZM therapy. Table II and Figure 1 show the changes in FEV1%, oxygen saturation and BMI during the treatment.
The number of pulmonary exacerbations per patient per year were significantly reduced (p<0.001) and severe exacerbations (p<0.001) needing intravenous antibiotic treatment were significantly reduced at the 6th and 12th month of AZM treatment (Table II) .
At the end of the 12th month of AZM treatment; P. aeruginosa has been eradicated in 1 patient and 14 patients had co-colonization with S. aureus and 3 patients had co-colonization with S. aureus and Aspergillus, so Methicillin sensitive S. aureus (MSSA) colonization was significantly increased (p=0.005). At the end of the 12th month of AZM; increased P. aeruginosa antibiotic resistance to any of β-lactam or aminoglycoside was detected (p=0.01). Also macrolide resistance increased 26% to 63% respectively in patients with MSSA colonization after AZM treatment (p=0.008). All the patients had negative sputum results for NTM infection during the follow-up period.
Discussion
The airway inflammatory response in CF is characterised by neutrophilic infiltration and pro-inflammatory cytokine production 10, 11 . Accumulation of activated neutrophils with release of toxic products impairs host defence and contributes to chronic infection by microorganisms such as P. aeruginosa. The mechanism of macrolides effect on CF lung disease is unknown. The possibility that macrolides might modify the neutrophilic inflammatory response in CF was investigated and their beneficial effects have been confirmed in a number of clinical trials both in adults and children [12] [13] [14] [15] [16] [17] [18] .
Although there were differences between the studies, data showed that 6 months of treatment with AZM was effective in improving respiratory function, as shown by the changes in FEV1 and forced vital capacity (FVC). Also, the patients receiving AZM were more likely to be free of exacerbations, at less risk of requiring of oral or intravenous antibiotics, gained more weight and had a better quality of life 7 . Better results were apparently obtained in patients infected by P. aeruginosa. In uninfected subjects, AZM only reduced the number of exacerbations and did not improve in lung function, thus suggesting that its beneficial effects were mainly due to its microbiological activity 16 . AZM has no direct bactericidal effect on P. aeruginosa, but may reduce the organism virulence by altering biofilm formation, decreasing bacterial adherence to epithelial cells, inhibiting bacterial motility or acting synergistically with other antibiotics 19 .
Although, this study could not to be designed as a placebo controlled study, the results showed that at least 6 months of AZM treatment led to a significiant reduction in the number of pulmonary exacerbations requiring antibiotics. The reduced number of pulmonary exacerbations requiring courses of antibiotics documented here may be related with the anti-inflammatory properties of AZM. of longer periods of treatment, and both found that efficacy was poor after the first year 20, 21 .
Tramper-Stranders et al. 20 found that AZM administered for 3 years had a positive effect on the percentage of predicted FEV1 in the first year, but this percentage subsequently returned to pretreatment levels. Similarly, Willekens et al. 21 found that although there was no change in pulmonary function parameters or the incidence of severe exacerbations requiring intravenous antibiotic treatment, the first year of AZM administration was associated with a significant reduction in the number of orally treated pulmonary exacerbations per patient. However, this reduction was not maintained in the second and third treatment years. The authors therefore concluded that AZM therapy should be limited to 6-12 months and after this period the risk of drug-related problems could outweigh the advantages 21 .
In this study, we did not find significant improvement in the FEV1 from baseline to the 6th and 12th month of treatment. Possible explanation for analysis of the FEV1 results in our population may be related with the large variation in individual FEV1 measurements during the study. A meta-analysis of studies in patients with CF who predominantly had chronic infection with P. aeruginosa established that AZM treatment improved FEV1 by 3.2% 22 . However Clement et al. 15 found no difference (probably because of early stages of lung 
Number of Pulmonary Exacerbations Requiring IV Antibiotic Treatment 20 studied 100 patients with a mean age at initiation of therapy of 10.8 years who received AZM for a mean duration of 3.5 years. They found that macrolide resistance among patients colonized with S. aureus rose from 10% before initiation of therapy to 83%, 97% and 100% after one, two and three years of therapy respectively. On the other hand, S. aureus colonization decreased slightly but not significantly after AZM therapy, from 50% initially to 48%, 44% and 36% in the following three years 17, 20 . In our report, we also found increased macrolide resistance of S. aureus after the treatment, however S. aureus isolation rate has increased among the patients, different from the other studies.
None of the studies found a significant change in the rate of emergence or eradication of P. aeruginosa from the sputum after AZM treatment 14, 15 . In our study, P. aeruginosa could not been eradicated and at the end of the treatment; increased P. aeruginosa antibiotic resistance to β-lactam and aminoglycoside has been detected. Tramper-Standers et al. 20 also found increased P. aeruginosa antibiotic resistance in their study at the end of AZM treatment. However due to the lack of a placebo group, P. aeruginosa antibiotic resistance may be related with a result of repeated exposure to antibiotics for pulmonary exacerbations.
Because this was a retrospective review, there is no blinding and lack of control group, the results preclude definitive statements regarding the effectiveness of AZM in CF patients. Also the other limitation of this study is that it is from a single center with a small group of CF patients.
Finally, there is some concern that the chronic use of AZM in subjects with NTM infection can lead to resistance thus complicating NTM treatment 14, 24 . In our study we also checked NTM in culture every year and had negative results for NTM infection.
In conclusion; this study is the first look at AZM treatment in Turkish CF patients who have a different distribution of genotypes. Despite increased P. aeruginosa antibiotic resistance and MSSA colonization rates, the lower incidence of acute exacerbations in patients receiving AZM is an important and clinically relevant measure of beneficial effect. Although this is a single center and small population of study, long term use of AZM may be considered to slow pulmonary deterioration in CF patients with P. aeruginosa colonization. Also the emergence of resistance to macrolide antibiotics in oral flora, potentially S. aureus, and NTM should be monitored during long term therapy.
